Abstract: From the study of the modi cation of PE and PP with maleic anhydride, maleic acid and an acid salt of maleic acid (sodium maleate) in a liquid or solid state, it was shown that the main controlling factor in the solid state modi cation of polyole ns is the joint plastic deformation of the system components. The changes of molecular characteristics were investigated by gel permeation chromatography. It was shown, that the molecular weight of modi ed PP samples increases at times by linking with intermolecular associates in the solutions. The formation of associates plays essential role in the behaviour of solutions of modi ed PP. The morphology of modi ed PP samples was investigated by scanning electron microscopy. It was shown, that intermolecular association strongly in®uences on the processes of formation and growth of nucleus and the structure of generated polymeric materials.
Introduction
In recent years, there has been considerable progress in the modi¯cation of polyole¯ns by the methods of graft copolymerization with polar monomers [1] [2] [3] [4] . The solid state graft copolymerization of PE and PP with maleic anhydride (MAH), maleic acid (MA) or its salts is a promising method capable of retaining the mechanical properties of the initial polymers [5] [6] [7] . There is a need for a method of low-temperature polyole¯n modi¯cation in the solid state because of a poor solubility of polyole¯ns in organic solvents, an instability of their liquid states (degradation, cross-linking, oxidation), and the advantages of solidstate technologies for environment protection.
The objective of this work was the investigation of a plastic deformation role of polymer compound component particles in the solid state processes of polyole¯ns modi¯cation and the clari¯cation of ionomeric e®ects in the solutions of modi¯ed polymers.
Experimental part
The experiments were performed with the commercial powdered isotactic PP (04¦ grade: melt index { 1 g / 10 minutes T m = 162¯C, the average particle size { 440 ¹m, isotacticity { 94.5 %), and granulated LDPE (16803-070 grade: melt index { 7 g / 10 minutes, T m = 108¯C). The granulated LDPE was ground to the powder with the average particle size of 20 ¹m by the method of high-temperature communication induced by shear stresses (elastic-deformation grinding, EDG) [12] .
The PP or LDPE powders were mixed with the powdered maleic acid (MA), maleic anhydride (MAH) or an acid salt of maleic acid (sodium maleate -NaM¿ ) and with an initiator such as AIBN (2,2 0 -azo-bisisobutyronitrile).
The mixture was continuously supplied either to a continuous double-screw extruder [6] , comprising of a charging zone (I) and four working zones (II-V) with a variable thermal regime, or to a laboratory double-rotor static blender of the Brabender type with a working chamber volume of 25 cm 3 . The reagents were processed either in the solid-state regime (extruder, 80{90¯C in zones II { V); in the liquid (Brabender blender, 130¯C for PE or 180¯C for PP, rotation velocity -110 rpm), or in the EDG regime [13] (extruder, 130¯C for PE or 180¯C for PP in zones II-III, and 10{20¯C in zones IV and V).
The content of carboxy groups in a modi¯ed polymer was determined by chemical titration [6] and IR spectroscopy.
The molecular weight characteristics were obtained by viscosimetry and gel permeation chromatography (GPC). The reduced viscosities of initial and modi¯ed samples were determined using a standard procedure on a capillary Ubbelohde -type viscosimeter [7] in a decalin and in a decalin with the components of octyl alcohol or isoamyl alcohol at 135¯C. All GPC measurements were carried out on a Waters chromatograph at 140¯C with using 0.05 wt. % o-dichlorobenzene solutions. The process of dissolution of initial and modi¯ed PP in a decalin was explored on cloud points and defecation on a procedure [8] .
The study of initial and modi¯ed samples structure was carried out by using of a \ISM-5300" scanning electron microscope of the corporation JEOL -1100 (Japan) on a standard procedure.
3 Results and discussion Table 1 gives the data on the PE modi¯cation in the various regimes. The chemical structures of the grafted functional groups were con¯rmed by IR spectroscopy [7] .
As is seen from the table 1 the reactivity of sodium maleate exceeds maleic acid one, in particular, for the solid-state modi¯cation regime. The degree of grafting is higher for MA in the liquid and EDG regime (the experiments No. 2{3) and for the sodium maleate in the solid state (the experiment No. 4). When the reaction is conducted in the polymer liquid, all reagents except for the sodium maleate occur in the liquid state. The EDG reaction is accompanied by simultaneous polymer and the modifying monomer crystallization. In the temperature interval corresponding to the solid polymer, MAH may occur in either state (solid, liquid, partly gaseous state) because the intensive sublimation begins already at the low temperatures; the other comonomers are the solid substances.
It should be noted that the compression zone of the working device the fusion and glass transitions temperatures elevate with a baric coe±cient º 0.1{0.2 K/MPa [16] . The pressure in this zone may reach 200{500 MPa. If the surface of reacting particles and the interaction of the polymer surface with the gaseous comonomer were the main controlling factors, maleic anhydride (MAH) occurring in the liquid and partly gaseous state would more e®ectively grafts to the solid polymer. However, the grafting degree of sodium maleate to PE is three times more than one of MA to PE. Therefore, the process of joint plastic deformation of the blend components (but not the surface size of reactive particles) is the controlling factor of the chemical interaction between the polymer and graft monomer. The con¯rmation of this deduction is the established correlation between the grafting comonomer degree and the plastic deformation degree of the mixture component particles [9] . Given polymer (PP) is very plastic. It is visible from¯gure 1. On the working extruder surfaces (in the¯elds of shift deformations) there is a warming up of a polymer blend and the processes of re-crystallization and plastic deformation.
The decisive role of plastic deformation as compared to the e®ect of new surfaces formed in the course of joint crushing of inorganic and organic reagents in the mechanical activators of a various type was repeatedly reported [10, 11] .
The plastic deformation is also the primary importance for various chemical reactions involved in the occurring processes in the Bridgeman anvils [12, 13] . This conclusion is con¯rmed by the data on grafting of the same monomers to PP. The grafting degree of sodium maleate to PP is almost twice than that of MAH to PP.
The polyole¯ns are greatly degraded in the processes of mechanochemical modi¯ca-tion. Considerable decrease of molecular weight and the viscosity of their solutions and liquids are observed. This is demonstrated by analysis of the di®erences in the molecular properties of polyole¯ns modi¯ed polar monomers in the liquid-phase and solid state extrusion. Table 2 gives the data on the investigations of modi¯ed PE by the method of gel permeation chromatography (GPC).
As is shown in Table 2 , the molecular weight of modi¯ed PE decreases in the all experiments. The experiments No. 2{4 di®er in the processing duration (14, 28, 56 minutes, accordingly). The longer reaction duration, the greater the decrease of molecular weight. Figure 2 shows the changing kinetics of molecular weight (M) at the PP modi¯cation. At the magni¯cation of action time from 7 to 70 minutes, Mw of the modi¯ed samples increases essentially (more than in four times) and the character of the molecular weight distribution curves changes (the curve 1 corresponds to the initial PP, the curves 2, 3, 4 correspond to the time of processing during 7, 21 and 70 minutes accordingly).
As is seen from the¯gure 2 the curve of initial PP distribution (curve No. 1) has a plateau in the range of low molecular weights. It demonstrates the presence of a lowmolecular fraction. On the curves of molecular weight distribution of PP, modi¯ed during 7 and 21 minutes (the curves No. 2, 3), a plateau occurs in the range of high molecular weight, indicating the occurrence of a fraction of a high molecular weight product. The product of PP modi¯cation is a mixture of two fractions { a low molecular weight and a high molecular weight fractions. With an increase of action time, the fraction of high molecular polymer increases in this product. At the duration of experiments º 70 minutes the high molecular polymer becomes a main product. Therefore, during the solid state modi¯cation of polyole¯ns by various comonomers in the extruder, the molecular weight of PP increases and the molecular weight of PE decreases.
For determining ionomeric e®ects was on the intrinsic viscosities of the initial and modi¯ed PP. The graphs of speci¯c viscosity dependences from the concentration represent the straight lines. The obtained results were represented in the table 3.
As is seen from table 3, the molecular weights calculated on the Mark-Kuhn { Houwink equation are close to the average molecular weight obtained by a method of GPC. The intrinsic viscosity of modi¯ed PP strongly decreases with adding of alcohol. So, if the intrinsic viscosity of PP { maleic acid in decalin is 1.71 dl/g, it decreases with adding of 1, 3, 5, 10 wt. % amyl alcohol till 0.87 dl/g and with addition of 10 wt. % octanol -till 0.55 dl/g. This decrease is possible to explain that the adding of alcohol destroy intermolecular associates.
The processes of dissolution and precipitation of initial and modi¯ed PE and PP were explored further. We added the octyl alcohol to destroy of intermolecular associates. The resulting phase diagrams of phase separation of systems such as PP / decalin, PP / (decalin + octanol), modi¯ed PP / decalin and modi¯ed PP / (decalin + octanol) with the upper critical temperature of dissolution lead to the following deductions: (1) The solubility of PP in the decalin at adding octanol decreased.
(2) The solubility of PP-NaMT in the (decalin + octanol) solution is essentially increased, that it is linked to the decay of intermolecular associates. Thus, the results of modi¯ed polyole¯ns solubility investigations have con¯rmed the important role of associations in the character of behaviour such the polyole¯ns in the solutions. But the increase of molecular weight of modi¯ed samples is theoretically possible not only for account of the associations of their macromolecules, but also for account of various chemical reactions. It is especially important to underline it, taking into account the solid-state character of the mechanochemical reactions conducted by us (scheme 1 and 2): Figure 3 shows the micrographs of the mechanochemical-modi¯ed PP (a, b). The particles of initial modi¯ed polypropylene, reprecipitated from the decalin, represent spheroid aggregates growing mainly in a radial direction (¯g. 3 a) . The presence of the salt ionogenic groups in the polymer result to the aggregation formed shallow (2{3 ¹m) plate crystals, as a result of which the large particles of porous structure with the average size º 100 ¹m are shaped (¯g. 3 b) .
Such systems are a subject of the present investigations. The results of these investigations will be submitted in following article.
Conclusions
It was shown that: (1) the main controlling factor in the processes of solid state modi¯cation of polyole¯ns (such as PP and PE) is the joint plastic deformation of the system components; (2) the molecular weight increase of modi¯ed PP samples linked with the formation of intermolecular associates in the polymer solutions. Intermolecular association strongly in°uences the processes of formation and growth of nucleus and the structure of generated polymeric materials. Table 2 The data on the investigations of PE in the ortodichlorbenzene solutions by the method of GPC (140 C, C = 0.05 wt. %). NB: MA-maleic acid, NaMT { sodium maleate, Na 2 MT-disodium salt of maleic acid.
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